Objectives -To investigate the association between APOE genotype and cognitive and emotional outcome following spontaneous subarachnoid haemorrhage (SAH). 
Introduction
Several studies have suggested that polymorphism of the Apolipoprotein E (APOE) gene influences recovery from brain injury, with the ε4 allele associated with poorer outcome.
Nicoll and colleagues first reported altered neuropathological findings amongst ε4 patients who suffered fatal head injury (1). Other studies of outcome following head injury have indicated poorer recovery amongst those with the ε4 allele. The first prospective clinical study reported that ε4 patients were more than twice as likely to have a poor outcome as determined by the Glasgow Outcome Scale (2) . Poorer outcome in ε4 survivors of head injury has also been reported amongst brain injury patients who have participated in rehabilitation programmes (3, 4) .
These findings have been reflected by studies of outcome following intracerebral haemorrhage, in which patients with ε4 alleles were more likely to die or to have a poor outcome if they survived than were non-ε4 patients (5, 6) . However this apparently deleterious effect of the ε4 allele has not been reported in outcome studies of ischaemic stroke (6, 7) , suggesting that the effect may be influenced by the type of brain insult.
Recent studies of the association between the apolipoprotein E gene and outcome following subarachnoid haemorrhage have reported conflicting findings. Two studies, one prospective and the other retrospective, have found significantly poorer outcome in patients with the ε4 allele (8, 9) , whilst a prospective study involving 100 SAH patients found no association between APOE genotype and outcome (10) . However these studies have been limited by the use of a relatively simple categorisation of death or disability as the sole measure of outcome.
The current study reports the results of a detailed neuropsychological assessment of outcome in 70 patients derived from a consecutive series of neurosurgical admissions with suspected SAH. A comparison of the current study with previous studies that have reported an association between the є4 allele and outcome following brain injury is given in Table 1. <Insert Table 1 around here> (2-9) From a consecutive series of 125 neurosurgical admissions with suspected SAH, 19 died as a consequence of the haemorrhage, 12 did not have SAH confirmed by CT or lumbar puncture, one was excluded due to a previously clipped aneurysm and nine did not consent to the earlier part of the study (10) . The remaining 84 patients were contacted by letter and asked to participate in the neuropsychological assessment. Of these patients, no contact could be established with seven, six either declined to participate or repeatedly did not attend arranged appointments and one lived too far from the unit to travel. The remaining 70 patients participated in the neuropsychological assessment either in their own homes or at the neurosurgical unit depending on their preference. The study was approved by the local ethics committee and informed consent was obtained from all patients prior to the assessment.
Material and Methods

Patients:
Clinical indices for the 70 participating patients and the 14 non-participants are outlined in Table 2 . There were no significant differences between participants and non-participants. Of those who participated in the neuropsychological assessment (N = 70, 43 females), the mean age was 45.2 years (SD 15.2) with a range from 25 to 74 years. Mean years of education was 12.21 (SD 2.1) ranging from 9 to 19 years. Mean time between initial admission to the neurosurgical unit and neuropsychological assessment was 16.3 months (SD 2.1) with a range from 14 to 23 months. The majority (80%) of patients were married or in a stable cohabiting relationship.
<Insert Table 2 around here> APOE genotypes were determined using polymerase chain reaction as described previously (10, 11) . All assessments and scoring were conducted blind to genotype.
Neuropsychological Assessment
The neuropsychological interview involved the assessment of cognitive performance, including measures of visual and verbal memory, information processing, attention and executive functioning. The extended Glasgow Outcome Scale (GOS) was completed as part of a semistructured interview. Questionnaire measures of emotional and functional outcome were given and explained to patients to be returned by post. An overview of the assessment employed is given in Table 3 .
<Insert Table 3 around here> ( 
12-24)
There were no notable differences between ε4 and non-ε4 patients in terms of educational level or social class. There was a slight difference in mean age at assessment (ε4 52.1 vs non-ε4 48.2) which was not statistically significant. In order to control for any possible influences of this slight age difference, the relationship between the APOE ε4 allele (present or absent) and cognitive task performance was determined using analysis of covariance, with age at assessment entered as co-variate. The relationship between the ε4 allele and measures of emotional and functional outcome was determined using non-parametric Mann-Whitney tests.
Results
The APOE ε4 allele was present in 16 (23%) of the 70 patients who participated in assessments at 14 months. There were no significant differences between ε4 and non-ε4 patients in terms of aneurysmal origin (ε4 88% vs non-ε4 81%), anterior communicating artery aneurysm (ε4 25% vs non-ε4 28%), or admission World Federation of Neurological Surgeons (WFNS) grade (grade I: ε4 63% vs. non-ε4 70%). A Fisher Grade of 4 was more common amongst ε4 patients, with six (38%) of sixteen ε4 patients having a Fisher Grade 4 relative to fourteen (26%) of fifty-four non-ε4 patients, though this difference did not reach statistical significance. None of the sixteen ε4 patients had an intraparenchymal haematoma, whereas haematoma was present in ten of the non-ε4 patients. The Fisher Grade 4 ε4 patients all had intraventricular haemorrhages. Table 4 around here > As shown in Table 4 , there were no consistent associations between presence of the ε4 allele and performance on the neuropsychological measures. The WAIS comprehension task difference was the only difference to be statistically significant at the p < 0.05 level, with this difference in the opposite direction to that expected and no longer significant after Bonferroni correction. Possession of the ε4 allele was not associated with the presence of anxiety or depression amongst patients and there were no differences in outcome assessed using the GOS or SF-36. There was also no association between presence of the ε4 allele and change in GOS between assessments at 6 & 16 months.
< Insert
There was a suggestion of an interaction between the ε4 allele and Fisher Grade. Only one (17%) of the six ε4 Fisher 4 patients improved on GOS, relative to 6 (43%) of 14 non-ε4 Fisher 4 patients. At the 16 month assessment four (67%) of the six ε4 Fisher 4 patients remained severely disabled relative to five (36%) of fourteen non-ε4 Fisher 4 patients. By contrast amongst patients with Fisher Grades 1-3, none of the ten ε4, and only two of the forty non-ε4 patients were severely disabled at 16 months. There was also a non-significant trend for the ε4 Fisher 4 patients to perform more poorly than non-ε4 Fisher 4 patients on verbal memory tasks such as logical memory and verbal paired associates (Table 5) .
<Insert Table 5 around here >
Discussion
Previous studies investigating the association between APOE genotype and recovery from stroke have used relatively crude indices of outcome, but have generally found poorer outcome amongst ε4 ICH patients, with little if any effect of the ε4 allele upon outcome following ischaemic stroke (5-7). Additionally, evidence suggests that the ε4 allele has an independent rather than a synergistic influence upon the risk of cognitive decline or dementia following stroke (25) . Recent studies have reported conflicting findings in relation to the association between ε4 and outcome following SAH (8-10).
The current study reports findings from a detailed neuropsychological assessment of SAH survivors which did not identify an association between the ε4 allele and outcome amongst patients in whom haemorrhage was confined to the subarachnoid space (Fisher Grades 1-3).
There were however suggestions of an effect of the ε4 allele upon outcome and verbal memory amongst Fisher Grade 4 patients, in whom haemorrhage extended into the ventricles or brain parenchyma. These Fisher 4 patients might be viewed as having more in common with intracerebral haemorrhage patients than do the lower Fisher Grade patients and thus it might be expected that they would be more likely to demonstrate an effect of the ε4 allele.
It is possible that the ε4 patients were disposed towards greater severity of haemorrhage, which resulted in a greater proportion of them having a Fisher Grade 4. Evidence from the acute stage of this patient cohort suggested that ε4 patients may be less susceptible to vasospasm but more susceptible to re-haemorrhage (10) . This would be consistent with findings of an association between ε4 and recovery from ICH but not ischaemic stroke (5-7).
The suggestions of greater initial haemorrhage and risk of re-haemorrhage amongst ε4 patients are also consistent with emerging evidence suggesting that ε4 individuals may have deficient blood clotting mechanisms and larger haematoma volumes (26, 27) .
Alternatively it is possible that greater secondary damage occurs amongst Fisher 4 ε4 patients following subarachnoid haemorrhage. Previous studies have demonstrated that the cytotoxic effects of amyloid β-protein (Aβ) may be mediated by oxidative damage (28, 29) . Aβ deposits are more likely to be present in the vessels of APOE ε4 carriers and may increase oxidative damage following haemorrhage, particularly amongst Fisher 4 patients in whom extravascular blood is present in the parenchyma or ventricles. However the current findings indicate that the ε4 allele is not an important factor in the neuropsychological outcome of those who survive the initial haemorrhage when all patients are considered as a group. Earlier findings of an association between the ε4 allele and outcome were limited by their use of a relatively simple scale of death / disability as their sole outcome measure and as such may reflect an association with survival rather than functional outcome following SAH.
In summary, the current study does not find an overall association between the APOE ε4 allele and neuropsychological outcome following SAH. However, the study raises the possibility that the presence of ε4 may be associated with outcome in a subgroup with Fisher Grade 4. 
